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Introduction

31
Calcium propionate (CaP) is an organic acidifier commonly used in human nutrition as a feed 32 preservative (e.g., bakery [1] , in fermented dairy products [e.g., 2]) in animal nutrition as a feed 33 preservative [e.g., [3] [4] [5] [6] , as a growth promoter [6, 7] , as an intestinal microbiota enhancer [6, 8] , and 34 as an appetite suppressant [9] [10] [11] [12] . The effect of dietary CaP been researched in poultry because of 35 its role as appetite suppressant. Previous research reported that increasing concentration of CaP
36
Previous experiments have indicated the negative consequences of dietary CaP in humans (e.g.,
48
behavioural disturbance [19] and seizures [20] ), rats [21] , and poultry [12, 17] . Daily calcium 49 propionate intake in humans is estimated about 0.1% of food intake [22] , although health 50 recommendations allow an inclusion rate up to 0.2% for daily human consumption (e.g., [1, 19] ).
51
In medical studies, propionic acidemia can result in seizures independent of metabolic acidosis
52
[20] and a controlled trial with children indicated that short-term high inclusion of CaP (at 2% in 53 a bakery product) can lead to irritability, restlessness and sleep disturbance [19] . In the case of 54 poultry, much higher inclusion rates are added in poultry diets compared to human nutrition and 55 previous research noted that chickens avoided consuming the CaP diet if possible [23, 24] . For 56 example, Savory et al. [23] indicated that the feed intake of broiler breeders (i.e, naïve to CaP) was 57 four times higher with a standard diet compared to a standard diet with CaP. Torrey et al. [24] also 58 reported that feed intake of an alternative diet (40% soybean hulls and 3-5% CaP) was low in 59 chickens given free access to both a standard and an alternative diet in their home pen. Afterwards, 60 authors tested the preference for the alternative and the standard diet in a Y maze, and 50% of the 61 non-feed restricted pullets consistently chose the standard diet, with only 6.9% pullets 62 preferentially choosing that alternative diet [24] . Tolkamp et al. [12] also observed a high number 63 of oral lesions, and morphological changes in the crop and gastric lesions in broiler breeder fed 64 alternative diets ad libitum at 6-9% CaP, while broiler breeders on the standard diet had no lesions.
65
The effect of CaP as an appetite suppressant in poultry has been associated with low palatability, 66 gastrointestinal discomfort/malaise or the combination of both [17, 23] . Independent of its 67 palatability, whether CaP causes a negative affective state post-ingestion remains unclear.
68
The affective states of animals cannot be measured directly, but the study of animals' choices is 69 an indirect approach to assess their preferences [25] 
Materials and Methods
89
A total of 24 Ross 308 broiler breeder pullets were donated at one day of age, courtesy of Aviagen
90
(via Horizon Poultry, Hanover, Ontario, Canada). All the procedures used in this experiment were 91 approved by the University of Guelph's Animal Care Committee (AUP # 3141) and were in 92 accordance with the guidelines outlined by the Canadian Council for Animal Care.
93
Housing and management
94
At the hatchery, chicks were infrared beak treated and vaccinated based on local recommendations,
95
and chicks were raised at the OMAFRA Arkell Poultry Research Station (Guelph, ON, Canada).
96
Chicks were distributed upon arrival to cages (10.3 chicks/m 2 ) and were relocated at 22 days of 97 age to six floor pens (4 pullets/pen at 1.1 pullets/m 2 ). Floor pens (1.7 m wide x 2.0 m deep x 1.2 98 m high) had wood shavings as bedding and water was available ad libitum from a 5-nipple drinker.
99
Chicks were selected based on target body weight and were individually wing tagged.
100
Pullets were managed based on breeding company's guidelines [36] . Room temperature started at 101 32 ºC at 1 day old, and temperature gradually decreased to 29 ºC by 2 weeks of age. After transfer 102 to floor pens, room temperature was reduced to 24 ºC at 4 weeks of age and to 22 ºC at 6 weeks of 103 age. Relative humidity remained around 26% during rearing. Light program was 23D:1D at 100 104 lux at 1 day old, 12L:12D at 30 lux at 4 days of age until 14 days of age, and 10L:14D at 40 lux 105 until the end of the experiment. Lights came on at 9:00 and pullets were fed simultaneously. Pullets 106 were hand-fed daily using a hanging cylinder feeder with 15 cm/pullet feeder space, and pullets 107 were feed restricted following feed allotment recommendations by breeding company ( (Table 2) .
124
There were six pens, and the four pullets per pen were trained simultaneously. Two pullets per pen 125 were trained to associate the CaP pill with the blue place and remaining two pullets per pen were 126 trained to the CaP pill with the red place ( and the other two pullets started with the placebo pills ( Table 2 ). On the two consecutive days with 129 the same pill in two apparatuses (Fig 1) , pullets were trained in both sides of the T-maze for the 130 same place colour. For example, if a pullet was trained in the left side the first day with blue walls,
131
the following day, the same pullet was trained on the right side with blue walls, in the other 132 apparatus (Fig 1) . The reverse order was used for the other pullets from the same pen (Table 2) . apparatuses were used, with colour location differing between arms (left versus right side).
139
Diagram is drawn to scale (1:8.5).
140
The choice and preference for the placebo was tested in the T-maze (Fig 1) . Fig per pullet per day for seven days, until pullets voluntarily consumed both pills when offered.
164
Pullets were rewarded with 20 g of feed if pills were manually fed or voluntarily consumed.
165
Pullets were placed inside the testing pens where the T-maze was located, and pullets could explore 166 the T-maze for 2 hours to habituate them to training and testing conditions. Habituation to the T-167 maze started at 4 weeks of age and lasted for 10 days. Initially, the four pullets per pen were 168 grouped within the same testing pen and the T-maze. After the second exposure, habituation was 169 done in pairs. At the end of the first week, pullets were individually placed in the testing pen for 2 170 hours to habituate them to isolation. Once pullets were individually isolated, two placebo pills 171 were provided, and pill consumption was rewarded with 20 g of the standard diet.
172
Inherent bias test (Pre-CPP)
173
After habituation and training, each pullet was tested on two consecutive days and twice per day 174 to assess individual preference for side and colour at 34 days of age. During the preference tests, 175 pullets saw both T-maze arms (coloured) for the first time. The order of pullets in this test was 176 randomly chosen and pullets were retested after all pullets were tested once on the same day (no 177 one was tested consecutively). Another random pattern was generated for the following testing 178 day. Pullets were placed into the starting box for 30 sec, and then the door to the maze was opened.
179
An observer registered pullets' inherent choice, defined as the whole body of the pullet inside one perception. In addition, pullets were fed ad libitum afterwards in their home pen and remaining 215 placebo pills were offered in the feeders.
216
Statistical analysis
217
The choice for the CPP was statistically analysed using a generalized mixed linear model and pen
218
was nested in the model as the independent research unit. The statistical analysis was performed 219 using SAS Ver. 9.4 (SAS Institute, Cary, NC) with a glimmix procedure and the degree of 220 significance was set for p-values lower than 0.05.
221
Age was included as a fixed factor in the model for the choice and preference for the placebo.
222
Initial observations (i.e, 3 weeks of age) for the choice and the preference for the placebo were 223 considered as independent observation rather than a covariate to achieve desirable degrees of 224 freedom as well as for orthogonal regression analysis for age. pen preferred the red colour and for two of these pullets, the placebo remained in the colour they 240 preferred due to consistency with the training protocols. Hence, the initial choice for the placebo 241 was higher than 0% (Fig 2) . Data is presented using estimated mean values followed by the 242 standard error of the mean. weeks of age (Fig 3) . The pullets that preferred the placebo place ranged from 1242 g to 1432 g at 269 10 weeks of age whereas pullets outside this threshold showed no preference. Between the place 6.1% at 6 weeks of age (which was artificially manipulated to be as close to 0% as possible) to 283 47.9 ± 7.6% at 8 weeks of age (t 18 =4.68, P=0.0005), and to 58.7 ± 7.5% at 10 weeks of age 23 pullets that showed a preference chose the placebo place at the end of the experiment (as 301 illustrated in Fig 3) . Savory et al. [23] examined the dietary preference for CaP at 5% inclusion in 302 broiler breeder pullets, and the feed intake among diets differed based on pullets' previous 303 experience with CaP. In their research, pullets reared on the standard diet consumed more of the 304 standard diet (81% standard diet vs 19% CaP diet) compared to pullets already on the CaP diet
305
(65% standard diet vs 35% CaP diet). The authors concluded that the preference for the diet at 5%
306
CaP was low, although pullets reared at a fixed CaP inclusion rate might have been habituated 307 [23] . Therefore, the effect of CaP related to a post-ingestive and dose-dependent mechanism, not 308 acidity, to which pullets can habituate [23] . Although the decrease in feed intake may be due to a feed intake due to low palatability [21] . Therefore, the effect of CaP as an appetite suppressant can 317 relate to a conditioned response to the causation of a negative affective state instead of satiety.
318
Our results illustrate that training had a linear effect on the consistency of instantaneous choices,
319
suggesting that feed-restricted pullets may require more and longer training for the condition to 320 happen. Dixon et al. [30] 
